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Attempts to reproduce in vitro the fundamental steps of in vivo oocyte development have been inhibited by current culture and grafting methods. Morohaku et al. [1] identified critical events that progress understanding of in vitro oogenesis: initial phase meiosis, follicular assembly, and supportive conditions for oocyte growth and maturation.
Researchers obtained female mouse gonads 12.5 days postcoitum and placed them in culture. However, by Day 17 of culture (correlating to Day 10 in vivo), the oocytes developed hypoplastic follicles and disrupted external layers. When isolated, oocyte growth halted due to incomplete laminin envelopes, destabilizing oocyte structures and cellular organization. Upon closer inspection, Morohaku et al. confirmed that unregulated estrogen disrupted mechanisms in the early stage of primordial follicle assembly.
In a new experiment, investigators added an estrogen receptor antagonist to the original culture medium (which contained 10% fetal bovine serum [FBS], a possible external source of estrogen), applied between Days 5 and 11. At this stage, oocyte cysts break down and primordial follicle assembly begins. This treatment led to secondary follicles possessing fully formed laminin envelopes. Again, oocytes were isolated on Day 17 and cultured in a unique culture medium composed of FBS, polyvinylpyrrolidone (PVP), and follicle-stimulating hormone for growth. When combined with collagenase treatment on Day 20, this resulted in granulosa cell proliferation, healthy oocytes, and clearly outlined germinal vesicles marked by a nucleolus within the follicular structures.
Morohaku et al. collected cumulus cell-oocyte complexes throughout Days 29 to 33 and measured the volume of oocytes. They were slightly smaller than those produced in vivo, but this difference did not detract from the number of live pups born after transfer to pseudopregnant mice. The offspring were healthy testaments to the team's success: they had accomplished all stages of oogenesis in vitro.
Researchers undertook a final test: cryopreservation. They sectioned and then froze mouse fetal gonads for a minimum of three days, following this with thawing and placement in culture using the same in vitro conditions tested above. Investigators noted that fewer follicles developed, but oocytes generated live offspring.
This study provides an exciting new avenue to observe oogenesis throughout all its stages and establishes a unique, supportive culture medium that counteracts serum estrogenrelated interference in follicular development. Complete in vitro generation of primordial germ cells and their development into fertilization-competent oocytes compliments earlier studies to reconstitute spermatogenesis in vitro. When species variabilities have been pinpointed, in vitro oogenesis could become a reliable way to maintain fertility through primordial germ cell preservation and stimulation.
